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Thewave of globalization since the 1980s has seen rapid growth
in global trade. Achieving export upgrading via quality improve-
ments has been one of the major preoccupations on the develop-
ment agenda. Major development agencies such as UNIDO,
UNCTAD, and WTO have all introduced various technology
and capacity building programs to help developing countries to in-
crease the value-added content of their exports and diversify their
export product fromprimary commodities tomanufactured prod-
ucts. Although substantial studies have been undertaken on inter-
national trade, most such studies focus on the analysis of trade
volumes. The technical content or quality of traded goods has to
date received less attention than it deserves.
In fact, the growth experience of some developing countries
has demonstrated that what really matters to a country’s eco-
nomic growth in the long-term is not purely how much it ex-
ports, but what it exports. Countries with more
“sophisticated” export bundles appear to grow faster (Haus-
mann, Hwang, & Rodrik, 2007; Minondo, 2010; Rodrik,
2006). Recent developments in trade theory also emphasize
that the beneﬁts of trade are derived more from the expansion
into new products (Amiti & Freund, 2010; Broda & Weinstein,
2006; Funke & Ruhwedel, 2001; Hummels & Klenow, 2005)
than from pure increases in quantities exported and dollars
earned. Countries which can adopt a portfolio of goods lo-
cated at the higher end of the quality spectrum, thereby climb-
ing up the export value chain, tend to perform better
(Hausmann et al., 2007). Therefore, it is of crucial importance
to understand the drivers of export upgrading.
In recent years, several studies have developed diﬀerent indi-
ces to measure the sophistication of a country’s exports and
thereby examine the determinants and impact of export
upgrading (e.g., Harding & Javorcik, 2011; Hausmann et al.,
2007; Lall, Weiss, & Zhang, 2006; Minondo, 2010; Rodrik,
2006; Schott, 2008; Xu, 2010). It has been found that there
is a robust positive eﬀect of export sophistication on a coun-
try’s economic growth, per capita income, and human capital.
On the other hand, human capital, foreign direct investment221(FDI), and export processing zones have been found to be sig-
niﬁcantly associated with the export sophistication level of
China (Schott, 2008; Wang & Wei, 2010; Xu & Lu, 2009)
and other countries (Harding & Javorcik, 2011). Institutional
quality, however, does not appear to be strongly associated
with the export sophistication level of a country (Hausmann
et al., 2007).
These studies have provided useful insights. However, re-
search on the determinants of export upgrading is rare and
the gaps in existing research call for improvements in measure-
ment, variable selection, and empirical methods, for various
reasons.
Firstly, most of the existing literature focuses principally on
the role of GDP per capita and human capital etc., but omits
other important factors that may aﬀect the trade specialization
pattern and sophistication of the exports of a country. Knowl-
edge capital has been widely regarded as a main determinant
of economic growth and competitiveness (Romer, 1990).
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nous innovation and external technology transfer. R&D and
education are the main sources of indigenous innovation,
while FDI and imports are the twomain channels of technology
diﬀusion. In particular, due to the global nature of production,
export-oriented FDI located in developing countries may lead
to large imports of intermediate goods with high technology
content. Export sophistication in some developing countries
has risen considerably as a result (Schott, 2008). Therefore,
the eﬀects of these factors are relevant when examining the
determinants of the export sophistication of countries.
Secondly, any convincing examination of the eﬀect of these
knowledge creation and acquisition eﬀorts on a country’s ex-
port sophistication must take account of the fact that the cau-
sality can also operate in the other direction, which can result
in the endogeneity problem.
Thirdly, per capita income has widely been regarded as a
signiﬁcant determinant of a country’s export sophistication.
In fact, human capital, R&D, FDI, trade, and institutional
quality are often found to be important determinants of
GDP per capita (e.g., Acemoglu, Johnson, & Robinson,
2001; Benhabib & Spiegel, 1994; Romer, 1990). Therefore,
although per capita income is empirically associated with ex-
port sophistication, the fundamental determinants of export
sophistication are likely to be the physical and knowledge
factors which determine income per capita, rather than per
capita income itself. A regression equation that includes
GDP per capita together with human capital, institutional
quality, and other factors as explanatory variables may also
suﬀer from a multi-collinearity problem. Therefore, there is a
need to go beyond per capita income and look at the under-
lying variables.
This paper aims to examine the determinants of export
upgrading in the light of both traditional trade theory and
new growth theory using a cross-country panel data. It con-
tributes to the literature by employing a reﬁned classiﬁcation
of factor endowments and undertaking a systematic exami-
nation of the role of knowledge creation and transfer via
education, R&D, FDI, and imports in export upgrading.
The paper takes into account the endogeneity between hu-
man capital, FDI, and the technical upgrading of exports
using an instrumental variable (IV) method and the System
Generalised Method of Moments (GMM) technique. Addi-
tional robustness checks were also carried out using diﬀerent
measurements of resources, human capital and institutional
quality.
The paper ﬁnds a varying impact of diﬀerent factor endowments
upon export upgrading. We ﬁnd that capital deepening is a key
determinant of export upgrading, which is especially true for the
high- and middle-income economies. Our research also conﬁrms
that knowledge creation via human capital accumulation or
R&D investment contributes to export upgrading. International
knowledge transfer byFDIand imports also exerts a positive eﬀect
on export sophistication. However, the eﬀect of natural resources
on export upgrading appears to be complex and mixed. The Re-
source Curse hypothesis appears to be true for land resources only
and is especially signiﬁcant in the low-income country group.
Other resources (measured by natural gas and crude oil reserves)
have a signiﬁcant positive impact on export sophistication. Coun-
try size is found to be conducive to the enhancement of the level
of export sophistication.
The remainder of this paper proceeds as follows. Section 2
proposes a theoretical framework to analyze the determinants
of export upgrading. Section 3 discusses the model, data, and
methodology. Section 4 presents the empirical results and Sec-
tion 5 concludes.2. THEORETICAL FRAMEWORK
The Heckscher–Ohlin theory suggests that a country’s fac-
tor endowments determine the relative costs of production
and hence the patterns of specialization and the composition
of a country’s export basket. Therefore, countries that enjoy
greater endowments in natural resources than in other factors
are expected to export natural resources or products which are
intensive in their use of natural resources. Countries which are
abundant in labor such as China and India are predicted to
produce and export labor-intensive goods such as toys and ap-
parel. Similarly, advanced countries are expected to export
more sophisticated capital- and technology-intensive products
such as pharmaceuticals, chemicals, automobiles, and elec-
tronic machinery (Schott, 2008).
Since a country’s export basket is expected to be composed of
goods in which it is the most productive, relative factor endow-
ments will play a pivotal role in its patterns of specialization and
export sophistication.Moreover, new trade theory suggests that
countries are induced to engage in intra-product trade by ﬁrms’
specialization in distinct horizontal varieties and consumers’
preference diversity. Hence the number of product varieties a
country can produce and export is a function of its resource
endowments (Krugman, 1980; Schott, 2008).
A country’s factor endowments can be classiﬁed as natural
resources, labor, physical capital, and knowledge capital. Nat-
ural resources such as land, crude oil, natural gas, and miner-
als are basic inputs in promoting industrial advancement. At
the same time, the Resource Curse hypothesis suggests that
lower levels of human and physical capital accumulation,
and hence productivity growth, are associated with resource
abundance. Empirical research by Sachs and Warner
(1999,2001) and Leamer, Maul, Rodriguez, and Schott
(1999) shows that an abundance of natural resources has a det-
rimental eﬀect on long term economic growth and technical
upgrading, although Sachs and Warner’s conclusion is not ro-
bust and depends on the measurement of resource abundance
and the estimation technique used (Lederman & Maloney,
2003). Stijns (2005) concludes that natural resources may aﬀect
economic growth through both positive and negative channels
and the Resource Curse may be true of land. Research by
Hausmann et al. (2007) conﬁrms the negative association be-
tween a country’s land area and its export sophistication level.
On the other hand, using new measures of natural resource
endowment, Brunnschweiler (2008) ﬁnds a positive relation-
ship between natural resource abundance and economic
growth over the period 1970–2000.
In addition to the labor force and physical capital as key in-
puts to productive activities, new growth theory emphasizes
that knowledge capital is the engine and stimulus of economic
growth in the long run (Romer, 1990). Knowledge capital can
be created or acquired from indigenous knowledge creation or
the access, transfer, and assimilation of international knowl-
edge through participation in international trade and openness
to FDI. Human capital and R&D have been recognized to be
two important factors which contribute to indigenous knowl-
edge creation (Fu & Gong, 2011; Lucas, 1988; Romer, 1990).
As a country enhances its abundance of human capital and
skills, its export similarity with OECD countries increases
(Schott, 2008).
Imports and FDI are two key channels of international tech-
nology transfer. These factors also incentivize the development
of industrial technology in related domestic industries through
vertical linkage eﬀects (Coe & Helpman, 1995; Javorcik, 2004).
The contribution of imports and FDI to technological progress
in a country will be reﬂected in the export sophistication of the
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and machineries and indirectly through knowledge spillover.
Moreover, due to the fragmentation of the global production
chain and increasing global outsourcing, some developing
countries have started to export technology-intensive products
via involvement in processing activities and trade. Such export-
ing does not show that these countries have the capability to
produce “sophisticated” products: they in fact export these
goods simply as a result of processing and assembling high-tech-
nology intermediate imports (Fu, 2011; Xu, 2010). Therefore
imports aﬀect a country’s export sophistication through im-
ports of intermediate goods, which are closely related to export
processing activities. All this, to a certain extent, leads to a rise
of the share of high-technology product exports in the total ex-
ports of developing countries: between the mid-1990s and 2004,
this ratio increased from 11% to 19% (IMF, 2008).
In addition to the factor endowments discussed earlier, insti-
tutional quality may play an important role in export upgrad-
ing. For example, positive trade policies such as export rebates
can encourage exporting and expand the variety and range of
exporting products. On the other hand, import tariﬀs can dis-
tort the mechanism of product price and drive a wedge be-
tween the domestic price of a good and its price on world
markets, which can result in a misallocation between resource
endowments and ﬁrms’ production (Schott, 2008). Finally,
government policies that encourage exports of high-technol-
ogy products can also promote an upward shift in the export
composition of a country (Lo and Chan, 1998).3. MODEL, METHOD, AND DATA
(a) Model
Following Lewis (1954), Matsuyama (1992) and Hausmann
et al. (2007), we assume a two-sector economy: the traditional
sector and the modern sector. The traditional sector only pro-
duces single homogeneous goods which are mainly used for
domestic consumption and the modern sector produces a vari-
ety of products. In general, the modern sector has a relatively
high technology level. Each country exports its most compet-
itive products in the world market. The basic input factors of
the modern sector include natural resources, labor, and phys-
ical capital. Another important factor that drives the growth
of an economy is technology, which is determined by available
domestic and foreign technological knowledge and a nation’s
ability to reap the beneﬁts of both kinds of knowledge (Fager-
berg, 1988; Sterlacchini, 2008). The ability to exploit both
external and internal knowledge is then shaped by the institu-
tional, social, and cultural features of each country (Sterlac-
chini, 2008). As a result, we can infer that the expected
productivity of the modern sector depends on factor endow-
ments, domestic and foreign knowledge capital, and to the
capacity of a country to reap the beneﬁts of both kinds of
knowledge. A detailed theoretical derivation of the model is
provided in Appendix A.
Following this approach, and given our theoretical analysis
in Section 2, we can specify the basic empirical model as fol-
lows:
LEXPY it ¼ b0 þ b1Lrcaplit þ b2Lrlandpit þ b3Lhit
þ b4Rrdgit þ b5Rfdigit þ b6Rimpgit þ b7Lpopit
þ b8I it þ vi þ ut þ eit ð1Þ
where subscript i represents the country, t denotes the period,
vi indicates the cross-section country-speciﬁc ﬁxed eﬀect, andut indicates the period ﬁxed eﬀect. eit is a random error term,
which is not correlated with vi, ut, or the independent vari-
ables. L represents the natural logarithm of the relevant vari-
ables and use of the letter R indicates that the value of the
corresponding variable is in the form of a ratio. LEXPY is
the natural logarithm of the productivity level of exports.
The variable rcapl refers to the capital–labor ratio while rlandp
represents land area per capita. These variables reﬂect a coun-
try’s factor endowments in physical capital, labor, and natural
resources. Physical capital is proxied by gross capital forma-
tion. h represents human capital, which is measured by the
gross tertiary education enrollment rate. Rrdg is the propor-
tion of R&D expenditure in GDP. These latter two variables
reﬂect the domestic knowledge endowment of a country. Rfdig
and Rimpg are the inward foreign direct investment stock to
GDP ratio and the imports of goods and services to GDP ra-
tio, respectively, reﬂecting the sources of foreign knowledge
that are available to a country. Pop denotes the population,
reﬂecting the size of the country. The variable I is institutional
quality, proxied by the “rule of law index” which is a com-
monly used index of institutional quality (see next section
for deﬁnition).(b) Data and measurement
Following Rodrik (2006) and Hausmann et al. (2007), the
productivity level of exports (LEXPY) is proxied by the export
sophistication index. In recent years, several studies have
developed diﬀerent indices to measure the “sophistication”
or technology content of export. Increases in this index over
time reﬂect to a certain degree the export upgrading of a coun-
try. Lall et al. (2006) deﬁne a product’s sophistication score as
the trade-share weighted average of income per capita of all
the countries exporting this product, where the weights are
each country’s export shares of world exports. However, tak-
ing each country’s share of world exports as a weight when
calculating the sophistication score may overestimate the role
of larger countries and neglect those export products in which
a smaller country has a comparative advantage.
Rodrik (2006) and Hausmann et al. (2007) hence develop an
alternative indicator, PRODY, which is a weighted average of
per capita incomes for all the exporting countries, created by
taking each exporting country’s comparative advantage in
the product as the weight. The productivity level associated
with a country’s exports (EXPY) is then deﬁned as a weighted
average of all exported products’ PRODY for that country.
The share of each product in a country’s exports is taken as
the weight. Admittedly, this index still has a limitation in that
it does not take into account the quality diﬀerences within a
product category. This may result in an overvaluation (under-
valuation) of the EXPY of low (high) income countries (Min-
ondo, 2010; Xu, 2010).
Various attempts have been made in the literature to address
this potential problem. Minondo (2010) computes a quality-
adjusted PRODY and EXPY to test the relationship between
the productivity level of exports and economic growth. Khan-
delwal (2010) relaxes the strong quality-equals-price assump-
tion and utilizes both unit value and quantity information to
estimate the quality of products exported to the U.S. within
a nested Logit demand system. Moreover, Van Assche and
Gangnes (2010) argue that, due to international production
fragmentation and global trade in intermediate products, the
existence of a processing trade will cause the export sophistica-
tion level of products to be overestimated. The authors use
production data, not exports, to calculate a product sophisti-
cation index and thus can minimize the impact of the process-
224 WORLD DEVELOPMENTing trade to certain extent. Although all these authors consider
the impact of quality diﬀerences within products and process-
ing trade, the resultant indices suﬀer signiﬁcant limitations due
to the lack of data on production and import and export vol-
umes of each country.
As a result, this paper employs the index developed by Ro-
drik (2006) and Hausmann et al. (2007) to measure the sophis-
tication level of a country’s exports. We should, however, bear
in mind the limitations of this measure. We also use the export
similarity (dissimilarity) index developed by Schott (2008) as a
robustness check.
Therefore, we estimate the sophistication index of exports
using the comparative advantage of each country’s exported
products as a weight in the calculation of the sophistication
of a country’s basket of export products. This circumvents
the possible bias caused by the country’s export scale. The
technology level or “sophistication” of a country’s export bun-
dle (EXPY) can be calculated as the weighted average of the
sophistication index of all export products in this country.
The basic formula is as follows:
EXPY c ¼
X
i
xci
X c
PRODY i
 
ð2Þ
PRODY i ¼
X
c
ðxci X cÞ=
X
n
ðxni=XnÞ
, #
Y c
"( )
ð3Þ
where i denote products. c, n denote countries. xji refers to the
value of exports of product i in country j (j = c,n). Xj =
P
ixji
is the total exports of country j.
This paper uses disaggregated export data across 171
countries or regions for the period 1992–2006. The data
are available at the SITC (Rev. 2) 3-digit level, which in-
cludes 239 product categories in our sample. The export data
are taken from the International Trade Classiﬁcation and
Statistics Database of the United Nations Conference on
Trade and Development (UNCTAD). 1 Data on GDP per
capita for all countries or regions are derived from the
World Development Indicator (WDI) Database of the World
Bank and are measured at 2000 constant US$ and PPP
prices.7
7.5
8
8.5
9
9.5
10
1992 1993 1994 1995 1996 1997 1998 199
All countries High income
Figure 1. Export sophistication for all sampled couFigure 1 illustrates the average log values of the export
sophistication (LEXPY) for all sample countries and sub-
groups classiﬁed by a country’s per capita income level based
on the World Bank’s classiﬁcation. The countries are divided
into low-income, lower middle-income, upper middle-income,
and high-income groups on the basis of GNI per capita in
2006. In general, the export sophistication index of all country
groups rises steadily over the sample period. The average
LEXPY of all countries rises signiﬁcantly during the period
1992–2006, with the logarithm rising from 8.53 in 1992 to
9.17 in 2006. The average export sophistication of high-income
countries is signiﬁcantly higher than those of middle and low
income countries.
Figure 2 shows the average LEXPYs of China, India, Japan,
US, E7, 2 G7, and OECD countries. The average LEXPYs of
all these countries or groups clearly rise over the sample peri-
od. The average export sophistication of G7 countries is al-
ways higher than that of OECD and E7 countries. Among
G7 countries, the export sophistication of Japan has consis-
tently been the highest of all the countries. Although China’s
export sophistication was lower than the average of the E7 be-
fore 1994, it upgraded rapidly and has been higher than the E7
average since 1995. The export sophistication of China stea-
dily converged to that of the OECD, the G7, and the US,
and in fact exceeded the average of OECD countries in
2006. The export sophistication of India has been signiﬁcantly
lower than that of China over the sample period and appeared
to grow more slowly than that of China’s exports.
The data on population, labor, land area, human capital,
and the R&D expenditure to GDP ratio are derived from
the World Development Indicators (WDI) database compiled
by the World Bank. GDP, capital formation, foreign direct
investment stock (inward ﬂow), and import data were col-
lected from the UNCTAD database. 3 The data on longitude
and latitude for every sample country are taken from the
geo_cepii ﬁle of CEPII (the French Centre d’Etudes Prospec-
tives et d’Informations Internationales) database. 4 The data
on institutional quality were collected from the World Bank’s
Worldwide Governance Indicators (WGI) database, 5 which
reports the rule of law, government eﬀectiveness, political sta-
bility, and other ﬁve institutional quality indexes in the years9 2000 2001 2002 2003 2004 2005 2006
Middle income Low income
ntries and groups by income level, 1992–2006.
7.5
8
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9
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10
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China India E7 Japan US G7 OECD
Figure 2. Export sophistication index of selected countries and country groups, 1992–2006.
DRIVERS OF EXPORT UPGRADING 225of 1996, 1998, and 2000–06. Each index ranges from 2.5 to
2.5 with a higher value representing better governance (Kauf-
mann, Kraay, & Mastruzzi, 2008). The monetary unit of the
original data is current dollar prices so we deﬂated all these
data using the U.S. consumer price index (CPI) with 2000 as
the base year. Countries which have missing data for several
years were removed from the sample. The ﬁnal sample used
in the regression analysis thus consisted of a reduced set of
65 countries (see Appendix B).
The descriptive statistics of all the main variables are shown
in Table 1. The logarithm of the capital–labor ratio (Lrcapl) is
highly correlated with the variables Lh, Rrdg, and especially
the institutional variable I. This may lead to signiﬁcant mul-
ti-collinearity problems. Therefore, we also consider a regres-
sion speciﬁcation where Lrcapl is excluded.
Dividing the sample into four groups based on the level of
the estimated export sophistication index, Table 2 illustrates
the average of the dependent variable LEXPY and the main
explanatory variables in each quartile. As Table 2 shows, the
average of export sophistication score (LEXPY) in each quar-
tile follows a consistent trend in relation to the changes in the
average of other variables like Lrcapl, Lh, Rrdg, Rfdig, Lpop,
and I. In other words, country-years with higher exportTable 1. correlation coeﬃcients and de
LEXPY Lrcapl Lrlan
Exp Sophistication LEXPY 1
Ln(capital–labor ratio) Lrcapl 0.675 1
Ln(land area per capita) Lrlandp 0.245 0.058 1
Ln(% university enrollment) Lh 0.622 0.681 0.14
R&D—GDP ratio Rrdg 0.529 0.668 0.0
FDI stock—GDP ratio Rfdig 0.292 0.176 0.04
Imports-GDP ratio Rimpg 0.130 0.024 0.0
Ln(population) Lpop 0.170 0.121 0.2
Institution I 0.472 0.849 0.01
Mean 9.066 5.994 4.0
Std. Dev. 0.376 1.380 1.27
N 975 965 97sophistication scores are accompanied by a higher capital–la-
bor ratio, human capital, R&D investment, FDI stock, a lar-
ger market, and better institutional quality. However, the
average of the variable Lrlandp is inversely related to the aver-
age of LEXPY in each quartile.
We applied the panel generalized least squares (GLS) meth-
od to provide initial base line estimates. Whether the ﬁxed ef-
fects (FE) or random eﬀects (RE) model estimates are
preferable is determined using the Hausman test. Rejection
of the null hypothesis suggests that ﬁxed eﬀects model esti-
mates should be preferred, and vice versa. Robust standard er-
rors were calculated for all the regressions to mitigate the
potential heteroscedasticity problem.
However, there was a further signiﬁcant issue that we had
to take into account. There is a possible endogeneity prob-
lem between some of the independent variables such as hu-
man capital or FDI and the dependent variable, EXPY. The
empirical literature often ﬁnds signiﬁcant endogeneity be-
tween human capital and FDI on the one hand, and techno-
logical progress on the other (Fu, 2008; Li & Liu, 2005).
Therefore, it may be diﬃcult to determine if there is a direct
causal relationship between EXPY and human capital and
FDI since the direction of causation may be from EXPYscriptive statistics for all variables
dp Lh Rrdg Rfdig Rimpg Lpop I
4 1
96 0.473 1
7 0.140 0.091 1
44 0.131 0.164 0.474 1
40 0.152 0.070 0.325 0.526 1
0 0.493 0.687 0.105 0.026 0.139 1
44 3.407 1.174 24.534 39.111 16.433 0.475
8 0.856 0.960 22.335 19.600 1.604 0.971
5 975 770 967 966 975 520
Table 2. The mean value of the main variables: by quartile of estimated export sophistication index
Quartile LEXPY Lrcapl Lrlandp Lh Rrdg Rfdig Rimpg Lpop I
Top 25% 9.5121 5.0148 4.4319 3.9340 1.7715 35.6761 43.9786 16.7365 0.9602
26–50% 9.2167 5.6574 4.0213 3.6547 1.1841 26.5949 38.0185 16.6549 0.3874
51–75% 8.9701 6.1379 4.0149 3.3404 0.9581 20.0442 37.0595 16.2959 0.1617
76–100% 8.5666 7.1355 3.7112 2.6993 0.4372 15.6293 37.5580 16.0474 0.2142
226 WORLD DEVELOPMENTto human capital and FDI, rather than vice versa. In order
to deal with this potential problem of endogeneity, the
instrumental variable (IV) method was used to estimate
the regression model. We use longitude and latitude for
every country (lon and lat) as exogenous instruments for
Rfdig and use the growth rate of population (grp) as an
instrumental variable for Lh.
Given the diﬃculty in ﬁnding good instruments, another
eﬀective approach to control for the endogeneity problem
is the System Generalised Method of Moments (GMM)
regression technique (Blundell & Bond, 1998; Baum, 2006;
Roodman, 2006). This is an appropriate method given the
presence of the high correlations between certain indepen-
dent variables and the dependent variable. Therefore, we
also employed the system GMM technique as an alternative
method. All available lags of the endogenous variables were
used as instruments. Autocorrelation tests were carried out
to determine whether there were any signiﬁcant serial auto-
correlation problems. We also carefully tested for the appro-
priateness of the instrumental variable candidates using
Hansen’s J test for overidentifying restrictions. Reassuringly,
the test results suggested that the selected instruments are
valid and relevant.Table 3. Empirical results: panel
1 2
RE model RE model
Constant 8.265*** 8.159***
(0.234) (0.261)
Ln(capital–labor ratio) 0.051*** 0.054***
(0.007) (0.012)
Ln(land area per capita) 0.051*** 0.050***
(0.017) (0.017)
Ln(% university enrollment) 0.083*** 0.091***
(0.012) (0.016)
R&D—GDP ratio 0.021*** 0.040***
(0.008) (0.015)
FDI stock—GDP ratio 0.001*** 0.001**
(0.000) (0.000)
Imports—GDP ratio 0.001*** 0.002***
(0.000) (0.001)
Ln(population) 0.053*** 0.056***
(0.014) (0.014)
Institution 0.013
(0.022)
Period-eﬀect Yes Yes
Overall R-square 0.703 0.754
No. of obs. 765 452
No. of countries 65 65
Hausman Test (H0: random eﬀects)b 10.650 12.890
(0.935) (0.456)
* Signiﬁcance levels of 10%.
** Signiﬁcance levels of 5%.
*** Signiﬁcance levels of 1%.
a Standard errors are provided in parentheses below the respective estimated c
bThe corresponding parenthetical values for the Hausman test are p-values.4. EMPIRICAL RESULTS
Our results are reported under two sub-sections: (a) results
for the whole dataset and (b) results when the dataset is split
into income level sub-groups. The income level sub-groups
were created in order to investigate whether relationships are
particularly strong or weak for countries with diﬀerent levels
of income. We also carried out further robustness checks in
which we examined whether the general results are robust
when the method of measuring key variables is changed.
(a) Empirical analysis of all countries
Empirical results of the panel GLS estimation are presented
in columns 1–3 of Table 3. Columns 4–6 present the estimated
results using instrumental variables. All the estimations in-
clude period ﬁxed eﬀects. Given the high correlation between
variable I and other variables (such as Lrcapl, Lh, and Rrdg),
we ran separate regressions excluding and including variable I.
Moreover, due to the signiﬁcant correlation between variables
Lrcapl and Rrdg, Lh and I, we also experimented with diﬀerent
speciﬁcations dropping Lrcapl from the full equation as a
robustness check.GLS and panel IV estimatesa
3 4 5 6
RE model IV model IV model IV model
7.829*** 7.443*** 7.010*** 6.529***
(0.273) (0.492) (0.419) (0.266)
0.040* 0.053**
(0.023) (0.026)
0.050*** 0.065*** 0.062*** 0.070***
(0.019) (0.019) (0.015) (0.014)
0.095*** 0.257*** 0.241*** 0.265***
(0.017) (0.060) (0.052) (0.049)
0.032** 0.013 0.012 0.024
(0.015) (0.011) (0.020) (0.019)
0.001*** 0.001 0.000 0.002
(0.000) (0.003) (0.003) (0.002)
0.002*** 0.002 0.003* 0.002
(0.001) (0.002) (0.002) (0.001)
0.055*** 0.059*** 0.066*** 0.066***
(0.016) (0.011) (0.011) (0.011)
0.066*** 0.008 0.045*
(0.019) (0.022) (0.026)
Yes Yes Yes Yes
0.707 0.686 0.723 0.727
452 765 452 452
65 65 65 65
12.895
(0.461)
oeﬃcients.
DRIVERS OF EXPORT UPGRADING 227For the GLS model estimates, the Hausman test statistics
suggest that the random eﬀects model is preferred to the ﬁxed
eﬀect model. Therefore, we only report random eﬀects
(RE) estimates in the table. The estimated coeﬃcient of the
capital–labor ratio is positive and statistically signiﬁcant.
The result is robust across diﬀerent models, suggesting that
an increase in capital intensity leads to a higher level of export
sophistication. The estimated coeﬃcients of land area per ca-
pita are negative and statistically signiﬁcant in all speciﬁca-
tions. This evidence is consistent with the predictions of the
Resource Curse hypothesis and is also in line with the ﬁndings
by Hausmann et al. (2007) on the association between land
area and export sophistication of countries. Moreover, the
land per capita ratio is in fact the inverse of the population
density ratio. High land per capita is thus the corollary of
low population density. Since innovation requires labor spe-
cialization and is much more likely to occur in a high popula-
tion density set-up, high land area per capita is therefore likely
to be correlated with low export sophistication.
Knowledge creation activities such as human capital and
R&D investment show a consistent and robust positive impact
on export upgrading. FDI and imports also demonstrate a ro-
bust signiﬁcant positive eﬀect on the export sophistication in-
dex. Country size also shows a signiﬁcant positive eﬀect on
export sophistication, suggesting that a large home market
encourages product variety and quality improvements. The
estimated coeﬃcients of institutional quality as proxied byTable 4. System GMM estimation r
1 2 3
Constant 7.910*** 8.185*** 7.085
(0.409) (0.556) (0.40
Ln(capital–labor ratio) 0.094*** 0.145***
(0.024) (0.044)
Ln(land area per capita) 0.035** 0.034* .053
(0.017) (0.017) (0.02
Ln(% university enrollment) 0.094* 0.082 0.15
(0.054) (0.062) (0.06
R&D—GDP ratio 0.051** 0.061** 0.07
(0.025) (0.031) (0.03
FDI stock—GDP ratio 0.004*** 0.004*** 0.005
(0.001) (0.001) (0.00
Imports—GDP ratio 0.003** 0.003** 0.00
(0.001) (0.001) (0.00
Ln(population) 0.077*** 0.081*** 0.075
(0.013) (0.013) (0.01
Institution(rlaw) 0.069 0.05
(0.046) (0.03
Institution(gov. eﬀ.)
Institution(pol. stability)
Period-eﬀect Yes Yes Ye
No. of obs. 765 452 452
No. of countries 65 65 65
AR(1) testb 1.17 0.869 0.5
(0.241) (0.385) (0.59
Hansen Testb 39.06 49.66 55.6
(1.000) (1.000) (1.00
* Signiﬁcance levels of 10%.
** Signiﬁcance levels of 5%.
*** Signiﬁcance levels of 1%.
aAll results are from robust one-step system GMM estimation. Endogenous var
the respective estimated coeﬃcients.
bAR(1) provides the statistics for serial correlation test. Hansen test is the t
sponding parenthetical values for these speciﬁcation tests are p-values.the rule of law index bear the expected positive sign, although
they are only statistically signiﬁcant in the speciﬁcation when
the multi-collinearity problem is controlled for.
The estimated results using the instrumental variable (IV)
method are broadly consistent with the estimates from the pa-
nel GLS with the exception that the coeﬃcients of variables
Rfdig and Rrdg become insigniﬁcant. Of course, the multi-col-
linearity problem or weak validity of instrument variables may
also aﬀect the estimated results. Therefore, we next further re-
ﬁne the model speciﬁcation/measurement and use the system
GMM method to estimate the model.
Table 4 presents the results of estimations using the system
GMMmodel. Again all the estimations include period ﬁxed ef-
fects. The autocorrelation tests of the residual show that there is
no signiﬁcant ﬁrst-order autocorrelation. Following Bru-
nnschweiler (2008), we also try to measure institutional quality
using diﬀerent alternative proxies (government eﬀectiveness and
political stability) as a robustness check. The estimated results
are reported in columns 4–5 and columns 6–7, respectively.
Column 1 reports the system GMM estimation results of the
baseline model. The estimated results are broadly consistent
with the GLS random eﬀects model estimates. Capital inten-
sity shows a signiﬁcantly positive impact on the sophistication
level of exports. The estimated coeﬃcient of land area per ca-
pita is negative and signiﬁcant in all model speciﬁcations.
The empirical evidence suggests that there is a signiﬁcantly
positive eﬀect of human capital on the export sophisticationesults: for all sampled countriesa
4 5 6 7
*** 8.063*** 6.747*** 7.847*** 6.722***
2) (0.539) (0.367) (0.502) (0.386)
0.132*** 0.103***
(0.043) (0.034)
*** 0.036* .053*** 0.039** .058***
1) (0.019) (0.020) (0.018) (0.020)
6** 0.093 0.148** 0.097 0.152**
2) (0.061) (0.062) (0.063) (0.067)
5** 0.055* 0.068** 0.046* 0.088***
2) (0.029) (0.031) (0.025) (0.025)
*** 0.004*** 0.004*** 0.004*** 0.005***
1) (0.001) (0.001) (0.001) (0.001)
2 0.003** 0.002 0.003* 0.001
2) (0.002) (0.002) (0.002) (0.002)
*** 0.082*** 0.075*** 0.083*** 0.076***
6) (0.013) (0.015) (0.013) (0.016)
4
5)
0.050 0.069*
(0.044) (0.036)
0.002 0.066**
(0.034) (0.031)
s Yes Yes Yes Yes
452 452 452 452
65 65 65 65
28 1.008 0.39 0.805 0.398
7) (0.314) (0.697) (0.421) (0.69)
2 51.31 56.21 52.43 52.58
0) (1.000) (1.000) (1.000) (1.000)
iables are Lh and Rfdig. Standard errors are provided in parentheses below
ests of overidentifying restrictions for instrumental variables. The corre-
228 WORLD DEVELOPMENTlevel except in the case of models 2, 4, and 6 in Table 4 when
the capital–labor ratio, which is signiﬁcantly correlated to hu-
man capital, is included in the regression. Dropping variable
Lrcapl from the full model, the estimated coeﬃcient of Lh be-
comes larger and more signiﬁcant. The coeﬃcients of R&D
intensity are also positive and statistically signiﬁcant. The re-
sults are again robust across all model speciﬁcations. All these
ﬁndings suggest that human capital and R&D are two impor-
tant factors in the export upgrading of countries. FDI and im-
port trade both have shown a signiﬁcant positive eﬀect on
export sophistication. The estimated coeﬃcients of FDI vari-
able are robust across diﬀerent model speciﬁcations and those
of the import variable are also consistent in most of the model
speciﬁcations, suggesting the importance of external knowl-
edge in the improvement of the export sophistication of coun-
tries.
Finally, country size exerts a positive impact on export
sophistication. This is consistent with the prediction of new
trade theory which suggests that the number of horizontal
varieties produced by a country is a function of its economic
scale (Hummels and Klenow, 2005; Krugman, 1980; Schott,
2008). It is also consistent with ﬁndings by Hausmann et al.
(2007) which proxy country size using population.Table 5. System GMM estimation results for
1 2 3 4
Constant 7.414*** 6.701*** 7.580*** 6.92
(0.447) (0.354) (0.444) (0.3
Ln(capital–labor ratio) 0.106*** 0.114***
(0.028) (0.028)
Ln(land area per capita)
Ln(natural gas reserve pc) 12.272*** 18.28***
(4.147) (4.057)
Ln(crude oil reserve pc) 42.88* 62.1
(23.16) (28.
Ln(% university enrollment) 0.067 0.131** 0.049 0.0
(0.063) (0.052) (0.065) (0.0
Ln(number of university students
per 100,000 inhabitants)
Ln(average year of total schooling)
R&D—GDP ratio 0.056** 0.124*** 0.058** 0.14
(0.023) (0.029) (0.023) (0.0
FDI stock—GDP ratio 0.003*** 0.004*** 0.003*** 0.00
(0.001) (0.001) (0.001) (0.0
Imports—GDP ratio 0.004*** 0.004** 0.004*** 0.00
(0.001) (0.001) (0.001) (0.0
Ln(population) 0.094*** 0.085*** 0.090*** 0.07
(0.012) (0.014) (0.011) (0.0
Period-eﬀect Yes Yes Yes Y
No. of obs. 738 738 755 75
AR(1) test b 0.202 0.025 0.911 0.
(0.840) (0.98) (0.362) (0.5
Hansen testb 34.34 37.03 33 33.
(1.000) (1.000) (1.000) (1.0
* Signiﬁcance levels of 10%.
** Signiﬁcance levels of 5%.
*** Signiﬁcance levels of 1%.
aAll results are from robust one-step system GMM estimation. Endogenous var
the respective estimated coeﬃcients.
bAR(1) provides the statistics for serial correlation test. Hansen test is the t
sponding parenthetical values for these speciﬁcation tests are p-values.The coeﬃcients of institutional quality proxiedby the rule of law
index are not statistically signiﬁcant, even after dropping the
Lrcapl variable which is signiﬁcantly correlated with institutional
quality.However, the estimated coeﬃcients of the alternativemea-
sures of institutional quality, government eﬀectiveness, and politi-
cal stability show a signiﬁcant positive eﬀect on a country’s export
sophistication level when the possiblemulti-collinearity problem is
controlled for. This conﬁrms that better institutional quality facil-
itates or spurs export upgrading in the country. Moreover, better
institutional quality can allow a country to elude adverse eﬀects,
which may accompany an abundance of resources, and so en-
able the country to exploit the margins of such resources eﬀec-
tively (Gylfason, 2001).
We also implemented a further robustness check using diﬀer-
entmeasures of natural resources.We used a country’s crude oil
reserves (billion barrels) per capita or natural gas reserve (tril-
lion cubic feet) per capita as ameasure of a country’s natural re-
source abundance, i.e., the variables oilper and gasper. Natural
resource reserve data are available from the International En-
ergy Agency. 6 Since many sample countries lack reserves of
oil (that is, the value of variable oilper and gasper is equal to
zero), we took the logarithm of (1+oilper) and (1+gasper), to
create the transformed variable Loilper and Lgasper.all sampled countries: robustness checka
LEXPY LESI
5 6 7 8 9 10
2*** 8.207*** 7.350*** 7.653*** 7.572*** 1.035 1.984***
90) (0.271) (0.403) (0.398) (0.409) (1.174) (0.849)
0.129*** 0.113*** 0.150**
(0.021) (0.018) (0.059)
0.026 0.042** 0.025 0.034* 0.070* 0.098**
(0.018) (0.021) (0.018) (0.021) (0.039) (0.044)
0**
49)
98 0.237* 0.395***
62) (0.125) (0.114)
0.033* 0.093***
(0.017) (0.023)
0.124 0.225*
(0.121) (0.128)
2*** 0.053** 0.150*** 0.050* 0.125*** 0.096** 0.164***
32) (0.026) (0.031) (0.029) (0.032) (0.045) (0.045)
4*** 0.003*** 0.004*** 0.003*** 0.004*** 0.001 0.001
01) (0.001) (0.001) (0.001) (0.001) (0.003) (0.003)
4** 0.004*** 0.003*** 0.003* 0.001 0.009*** 0.007**
02) (0.001) (0.002) (0.002) (0.002) (0.003) (0.003)
8*** 0.081*** 0.058*** 0.077*** 0.058*** 0.230*** 0.211***
14) (0.014) (0.018) (0.013) (0.016) (0.032) (0.036)
es Yes Yes Yes Yes Yes Yes
5 726 726 707 707 765 765
572 1.483 1.795 1.502 0.714 0.30 0.067
67) (0.138) (0.073) (0.133) (0.475) (0.764) (0.947)
29 45.16 47.47 31.62 32.17 42.56 39.8
00) (1.000) (1.000) (1.000) (1.000) (1.000) (1.000)
iables are Lh and Rfdig. Standard errors are provided in parentheses below
ests of overidentifying restrictions for instrumental variables. The corre-
DRIVERS OF EXPORT UPGRADING 229The regression results show that both of these variables have
a signiﬁcantly positive regression coeﬃcient (see columns 1–4
in Table 5) while the values and signs of the regression coeﬃ-
cients of the other independent variables do not change signif-
icantly. 7 The evidence suggests a positive correlation between
export sophistication and resource reserves. Therefore, the Re-
source Curse hypothesis appears to hold for land resources but
is not true with respect to other resource reserves. As also
noted in Stijns (2005), land abundance may be negatively asso-
ciated with economic growth but the same is not true of re-
source endowments such as oil, gas, or minerals. Therefore,
the eﬀect of natural resources on export upgrading is compli-
cated and mixed and depends on the type of resource endow-
ments. Natural resources may impact on economic growth
through both “positive” and “negative” channels, which criti-
cally depend on the nature of the learning process involved in
exploiting and developing natural resources. For example,
Norway is one of the world’s main oil-exporting countries.
Canada and Australia are also resource-rich countries. These
countries have shown better growth performance and higher
export sophistication.
We also implemented robustness checks after proxying the
human capital variable by the number of students in tertiary
education per 100,000 inhabitants or the average years of total
schooling of citizens aged 15 and over. The data for the formerTable 6. Estimated Results for Sub-samples by
High and high-middle income group
Constant 8.208*** 7.271*** 8.115*** 7.342*** 7.757*** 7
(0.481) (0.371) (0.447) (0.355) (0.421)
Ln(capital–labor ratio) 0.129*** 0.117*** 0.070***
(0.044) (0.042) (0.027)
Ln(land area per capita) 0.023 0.036* 0.021 0.035* 0.028 
(0.019) (0.019) (0.019) (0.018) (0.018)
Ln(% university
enrollment)
0.061 0.096 0.050 0.071 0.048
(0.071) (0.078) (0.070) (0.075) (0.071)
R&D—GDP ratio 0.060* 0.075** 0.058** 0.070** 0.055*** 0
(0.032) (0.033) (0.029) (0.031) (0.021)
FDI stock—GDP ratio 0.003*** 0.004*** 0.003*** 0.004*** 0.003*** 0
(0.001) (0.001) (0.001) (0.001) (0.001)
Imports—GDP ratio 0.003 0.001 0.003 0.001 0.002
(0.002) (0.002) (0.002) (0.002) (0.002)
Ln(population) 0.064*** 0.064*** 0.068*** 0.065*** 0.071*** 0
(0.016) (0.018) (0.016) (0.017) (0.016)
Institution (law) 0.064 0.030
(0.058) (0.043)
Institution (gov. eﬀ.) 0.043 0.047
(0.055) (0.039)
Institution (pol.
stability)
0.030
(0.040)
Period-eﬀect Yes Yes Yes Yes Yes
No. of obs. 338 338 338 338 338
No. of countries 46 46 46 46 46
AR(1) testb 0.88 0.479 1.015 0.422 0.738
(0.379) (0.632) (0.31) (0.673) (0.461)
Hansen testb 31.36 32.67 26.22 31.02 30.1
(1.000) (1.000) (1.000) (1.000) (1.000)
* Signiﬁcance levels of 10% respectively.
** Signiﬁcance levels of 5% respectively.
*** Signiﬁcance levels of 1% respectively.
aAll results are from robust one-step system GMM estimation. Endogenous
parentheses below the respective estimated coeﬃcients.
bAR(1) provides the statistics for serial correlation test. The Hansen test statist
variables. The corresponding parenthetical values for these speciﬁcation testswere collected from the WDI Database of the World
Bank while the data for the latter were derived from the
Barro–Lee Educational Attainment Dataset. 8 The Barro–Lee
educational attainment data are reported every 5 years and
we used interpolation to derive an annual series for the pur-
poses of this paper. The empirical results using the GMM
method are provided in columns 5–8 of Table 5. The evidence
suggests that human capital has a signiﬁcant positive eﬀect on
the export sophistication level of a country. In particular, the
existence of a pool of highly skilled individuals (proxied by the
number of university students per 100,000 inhabitants) has a
signiﬁcant eﬀect. The sign and signiﬁcance of other explana-
tory variables (i.e., R&D intensity, FDI stock, import penetra-
tion intensity and home market size) are consistent with the
results in Table 4, although the eﬀect of import penetration
appears to be more robustly signiﬁcant.
Finally, we proxy the independent variable with the export
similarity index developed by Schott (2008). This index mea-
sures the similarity or overlaps between a country’s export
structure and the export structure of developed countries
and can capture the lack of export sophistication with a cer-
tain structure (Harding & Javorcik, 2011). Here a country’s
export similarity (henceforth ESI) is deﬁned as the similarity
of export structure between that country and the USA, i.e.,
ESIc ¼
P
p100 MinðScp; SupÞ, where Sci, Sui stand for the ex-Income Level: System GMM Estimatesa
Low and low-middle income group
.256*** 6.214*** 5.880*** 6.433*** 6.126*** 6.483*** 6.191***
(0.367) (0.529) (0.408) (0.674) (0.478) (0.629) (0.465)
0.044 0.044 0.036
(0.053) (0.065) (0.052)
0.038** 0.093*** 0.099*** 0.101*** 0.107*** 0.082** 0.087**
(0.017) (0.034) (0.037) (0.035) (0.039) (0.034) (0.037)
0.076 0.142*** 0.156*** 0.152*** 0.159*** 0.143*** 0.151***
(0.068) (0.037) (0.039) (0.038) (0.041) (0.032) (0.036)
.080*** 0.019 0.008 0.000 0.018 0.071 0.080
(0.019) (0.063) (0.069) (0.059) (0.067) (0.079) (0.088)
.004*** 0.003*** 0.004*** 0.003*** 0.004*** 0.003** 0.003***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
0.001 0.007*** 0.007*** 0.006*** 0.006*** 0.007*** 0.007***
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
.069*** 0.125*** 0.123*** 0.114*** 0.121*** 0.108*** 0.107***
(0.018) (0.018) (0.020) (0.020) (0.023) (0.020) (0.022)
0.115** 0.102**
(0.053) (0.050)
0.067 0.038
(0.066) (0.043)
0.065* 0.079** 0.077**
(0.036) (0.033 (0.032)
Yes Yes Yes Yes Yes Yes Yes
338 114 114 114 114 114 114
46 19 19 19 19 19 19
0.459 1.127 1.083 1.159 1.076 1.38 1.3
(0.646) (0.260) (0.279) (0.246) (0.282) (0.168) (0.194)
29.1 2.643 3.965 3.75 5.807 2.559 2.796
(1.000) (1.000) (1.000) (1.000) (1.000) (1.000) (1.000)
variables include Lh and Rfdig. Robust standard errors are provided in
ics report the results of tests of overidentifying restrictions for instrumental
are p-values.
230 WORLD DEVELOPMENTport share of 3-digit product p in SITC Rev.2 from the country
c and USA, respectively. The greater the value of this index,
the more similar is the export structure of a country c to that
of the USA. Furthermore we take the log of the index ESI
(henceforth LESI) and then use it as the alternative measure-
ment of the dependent variable for robustness check using the
System GMM technique (see columns 9–10 in Table 5). The
results are consistent with those of Table 4 except that the esti-
mated coeﬃcient of FDI variable is not statistically signiﬁcant.
(b) Empirical analysis of sub-groups by income level
In order to identify the diﬀerent impacts of determinants on
export sophistication among countries of diﬀerent income lev-
els, we further classify all sample countries into two sub-sam-
ples: a high and middle (henceforth HM) income group
(including the upper-middle and high income groups, a total
of 46 countries or regions) and a low and middle (henceforth
LM) income group (including low and lower-middle income
groups, a total of 19 countries or territories). Details of the
country classiﬁcation and a list of countries in each category
are given in Appendix B. Table 6 reports the estimated results
for these country groups.
For the HM income country group, the estimated coeﬃcient
of the capital–labor ratio is positive and statistically signiﬁcant.
The estimated coeﬃcient of land area per capita is still negative
but only marginally signiﬁcant when the capital–labor ratio is
excluded. The result, however, is reversed for the LM income
group. The estimated coeﬃcient of the capital–labor ratio is po-
sitive but not statistically signiﬁcant while the estimated coeﬃ-
cient of the land area per capita is signiﬁcantly negative. In
other words, countries in the HM income group are abundant
in capital endowments (the average capital per worker for this
group is approximately $7,000) and capital intensity has played
a signiﬁcant role in their export sophistication. On the other
hand, countries in the LMgroup are lacking in capital (the aver-
age capital per worker is only around $700). Therefore, the cap-
ital–labor ratio is not a signiﬁcant determinant of their export
upgrading. Moreover, the estimated coeﬃcient of land area
per capita is signiﬁcantly negative and its absolute value is much
larger than that for all sample countries reported inTable 4.This
suggests that the natural Resource Curse is true of land, and
especially for low income countries, but the relationship is not
robust in high income countries.
Human capital appears to play a positive role in upgrading
the export sophistication level in the LM income group. How-
ever, the eﬀect of R&D is not statistically signiﬁcant in these
countries. On the contrary, R&D plays a statistically signiﬁ-
cant role in the upgrading of export sophistication in high in-
come countries but higher education does not show any
signiﬁcant eﬀect in these countries. FDI contributes to export
sophistication in both the LM and the HM countries. Imports
have a robust and statistically signiﬁcant eﬀect in the LM
countries yet not in the HM country group. All this suggests
that international knowledge transfer through FDI and im-
ports are important drivers of export upgrading in low income
countries. Country size shows a signiﬁcant positive eﬀect in
both country groups but its impact on export upgrading is
much larger in the LM group than in the HM group.
Interestingly, and contrary to the normal expectation, there
appears to be an inverse relationship between institutional qual-
ity and export sophistication in LM countries. In other words,
countries with lower scores for “rule of law” and “political sta-
bility” appear to have achieved higher levels of export sophisti-
cation among low income countries. Further research is needed
to understand such an empirical phenomenon.5. CONCLUSIONS
Export upgrading has been one of the major tasks on devel-
opment agenda. However, to date, the drivers of this impor-
tant process have not been fully explored. This paper intends
to ﬁll this gap by examining the determinants of export
upgrading in the light of traditional and new trade theories
using a linked trade and economic cross country panel dataset
over the 1992–2006 period. The classiﬁcation of factor endow-
ments was improved and reﬁned by including knowledge cap-
ital in addition to land, physical capital, and labor. We
measured the sophistication level of exports for 171 countries
or regions using disaggregated trade data over the 1992–2006
period and then explored the determinants of export upgrad-
ing across these countries. The ﬁndings suggest that capital
deepening proxied by the capital–labor ratio is an important
determinant of export upgrading: the higher this ratio, the
more likely a country is to produce and export more sophisti-
cated goods. This is particularly the case in the high and mid-
dle income country group. However, in the low income
country group, increases in capital intensity do not appear
to enhance export technology content.
The variable of land area per capita has a negative impact
on export sophistication, which is consistent with the ﬁndings
of Hausmann et al. (2007). Some existing research such as
Sachs and Warner (1999,2001) and Leamer et al. (1999) argue
that resource abundance appears to reduce a country’s moti-
vation toward physical and human capital accumulation and
industrial upgrading, leading the country to be locked into
natural resource-based and low-end technological industries.
However, this paper shows that the Resource Curse hypothe-
sis holds for the land resource only and is particularly signiﬁ-
cant in the low income country group. The empirical ﬁndings
show a signiﬁcant positive eﬀect of other resource reserves
such as gas and crude oil on export technology upgrading.
Therefore, in general, this paper reveals that the impact of nat-
ural resources on export upgrading is complex and mixed and
that the estimates are somewhat sensitive to diﬀerent measures
of resource endowments, which is similar to the conclusion in
Stijns (2005).
Institutional quality generally shows the expected signiﬁ-
cant positive eﬀect on export sophistication with respect to
all three dimensions that are tested in this study. However,
its eﬀect diﬀers in countries with diﬀerent income levels.
Interestingly, low income countries with lower scores in “rule
of law” and “political stability” have achieved a higher level
of export sophistication, which challenges the normal
perspective on the role of institutional quality and calls for
further research.
With regard to knowledge capital or skills endowment, the
paper diﬀerentiates this factor into internal knowledge crea-
tion and external knowledge transfer. As we have argued
above, human capital and R&D serve as important sources
of indigenous knowledge creation, contributing directly to
the export upgrading of countries. The eﬀect of education is
signiﬁcant in the low income country group while the eﬀect
of R&D is signiﬁcant for high income countries. As the main
channels of international knowledge transfer, FDI and im-
ports were both found to have signiﬁcant positive impacts
on the export sophistications of countries. The eﬀect of FDI
is robust across diﬀerent models and diﬀerent country groups.
The eﬀect of imports is more robust for low income countries.
We note, however, that FDI and imports may aﬀect the ex-
port upgrading of host countries via diﬀerent channels. In the
long term, they can accelerate the rise of export sophistication
by the diﬀusion of external knowledge. On the other hand, as a
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they also have short-term eﬀects. Some developing countries
import high volumes of technology-intensive intermediate
goods through FDI and imports and export sophisticated ﬁnal
products after simple assembling and processing activities.
Such an eﬀect on export upgrading is short lived and may
not be sustainable. Therefore, a country’s exports may not
truly reﬂect the skill and factor endowment embodied indomestic production but rather only exemplify the skill and
factor endowment of the countries from which the intermedi-
ate products were imported (Van Assche & Gangnes, 2010).
Therefore, the presence of the processing trade may cause
the technology level of exports to be overestimated. Further
research is therefore needed to eliminate the impact of the pro-
cessing trade and further explore and compare the diﬀerent ef-
fects of the various determinants.NOTES1. The International Trade Classiﬁcation and Statistics Database of
UNCTAD is available at http://comtrade.un.org/db/.
2. The E7 Group includes seven newly industrialized countries: Brazil,
Russia, India, China, Indonesia, Mexico, and Turkey. The G7 includes the
United States, Britain, France, Germany, Italy, Canada, and Japan.
3. Available at http://unctad.org/en/Pages/Statistics.aspx.
4. Available at http://www.cepii.fr/anglaisgraph/bdd/distances.htm.
5. The World Bank’s Worldwide Governance Indicators (WGI) database
is available at http://data.worldbank.org/data-catalog/worldwide-gover-
nance-indicators?display=graph.6. The reserves data can be obtained from: http://www.eia.gov/coun-
tries/data.cfm. We keep natural gas in trillion cubic feet.
7. Due to the high correlation between the rule of law index and the
other main explanatory variables and the insigniﬁcance of its regression
coeﬃcient, the robustness tests were implemented using a model which
excludes the institutional quality variable.
8. The Barro–Lee Educational Attainment Dataset is available at http://
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20(3), 425–439.APPENDIX A. DERIVATION OF THE MODEL
Following Hausmann et al. (2007), we assume a two-sector
economy: the traditional sector and the modern sector. The
production function is given by
Y ¼ ALaKbN c ð4Þ
where L, K, N denote labor, capital and natural resources,
respectively. With respect to these input factors, the output
exhibits constant returns to scale: that is, aþ bþ c ¼ 1. A is
a parameter of the technical level involved in combining these
factors in production, and is distributed uniformly over the
range ½0; bA. bA is determined by a country’s skill endowments.
Following Fagerberg (1988), we assume that bA is the multipli-
cative function of the knowledge taken from domestic (D) and
foreign (F) sources, the capability to reap the beneﬁts of both
kinds of knowledge (I), and a constant (B). The capacity to ex-
ploit both external and internal knowledge is shaped by the
institutional, social, and cultural features of each country
(Sterlacchini, 2008). The accumulation of domestic knowledge
is usually promoted by R&D and education while foreign
knowledge capital is mainly acquired though FDI and im-
ports. Omitting time suﬃxes, the basic function is thenbA ¼ BDkDF kF IkI , where B incorporates the eﬀect from otherfactors which possibly aﬀect technical parameters. ki (i stands
for D, F or I, respectively) represents the production elastici-
ties of knowledge capital. The bigger bA is, the higher the level
of the economy’s production frontier: hence the economy has
more capacity to produce goods of higher productivity.
No investors know with certainty whether the new products
will ultimately have a high-productivity or a low-productivity
level and only know ex ante that A obeys a uniform distribu-
tion over the range ½0; bA. However once the new products
have been developed, A becomes generally known. Therefore
other ﬁrms can imitate products without incurring additional
“discovery” costs but at a fraction h (0 < h < 1) of the incum-
bent’s productivity. We assume every investor can run only
one project. So having developed his own products, the inves-
tor has the choice of continuing to produce his own goods or,
alternatively, emulating the products with highest productiv-
ity. The investor will ﬁx his choice by comparing productivity
(Ai) of his own goods to that of the most productive good
which he will imitate. If Ai > hA
max, the investor will choose
to continue producing the new good developed by himself:
otherwise he will imitate the Amax-product. Additionally, the
expectations of Amax depend on the productivity frontier and
the number (m) of ﬁrms which engage in investing in the mod-
ern sector: that is, EðAmaxÞ ¼ mbAmþ1. Since the technical parame-
ter A is distributed uniformly over ½0; bA, following
Hausmann et al. (2007), we can derive the following expecta-
tion for the technical parameter A in modern sector:
EðAÞ ¼ 1
2
bA 1þ hm
mþ 1
 2" #
ð5Þ
Introducing (5) into (4) and combining the expression of bA, we
can derive the expected output as follows:
EðY Þ ¼ 1
2
B 1þ hm
mþ 1
 2" #
DkDF kF IkI LaKbN c ð6Þ
Due to constant returns to scale, the expected labor productivity level is
EðY Þ=L ¼ 1
2
B 1þ hm
mþ 1
 2" #
DkDF kF IkI ðK=LÞbðN=LÞc ð7Þ
The above formula indicates that the expected productivity of
the modern sector depends on relative capital and natural re-
sources endowments, domestic and foreign knowledge capital,
the ability to reap the beneﬁts of both kinds of knowledge, and
also the number of enterprises which engage in development
and cost discovery of new products. Assuming the modern sec-
tor is the export sector of an economy, then E(Y)/L deﬁnes the
productivity level of a country’s export basket (denoted as
EXPY).
APPENDIX B. SAMPLE COUNTRIES AND GROUPS BY INCOME (171 COUNTRIES OR TERRITORIES WERE
INCLUDED IN THE ORIGINAL SOURCE TABLE MEASURING EXPORT SOPHISTICATION. OF THESE,
COUNTRIES MARKED  WERE RETAINED FOR THE PURPOSES OF THE REGRESSION ANALYSIS UNDER-
TAKEN FOR THIS PAPER)
Low-income
economiesa (45)
Lower-middle-
incomea
Economies (47)
Upper-middle-
incomea
Economies (29)
High-income
economiesa (50)
Bangladesh Myanmar Albania Jordan Argentina* South
Africa
Andorra Greenland
Benin Nepal Algeria Kiribati Belize Turkey* Antigua and
Barbuda
Iceland*
Burkina Faso* Niger Angola Lesotho Botswana Uruguay* Aruba Ireland*
Burundi Pakistan* Armenia* Macedonia* Brazil* Venezuela* Australia* Israel*
Cambodia Papua New
Guinea
Azerbaijan* Maldives Bulgaria* Austria* Italy*
Central
African
Republic
Rwanda Belarus* Moldova,
Republic of
Chile* The Bahamas Japan*
Chad Sa˜o Tome´
and Principe
Bhutan Morocco* Costa Rica Bahrain Korea,
Republic of*
Comoros Senegal Bolivia* Namibia Croatia* Barbados Kuwait
Coˆte d’Ivoire Sierra Leone Cameroon Nicaragua Dominica Belgium Malta
Eritrea Solomon
Islands
Cape Verde Paraguay Gabon Bermuda Netherlands*
Ethiopia Somalia China* Peru* Grenada Brunei
Darussalam
New Zealand*
Gambia Sudan Colombia* Philippines Hungary* Canada* Norway*
Ghana Tajikistan Cuba* Sri Lanka Kazakhstan* Cayman Islands Portugal*
Guinea Togo Djibouti Suriname Latvia* China, Hong Kong Qatar
Guinea
-Bissau Uganda Ecuador Swaziland Lebanon China, Taiwan
Province of
Saudi Arabia
Haiti United Republic
of Tanzania
Egypt Syrian Arab
Republic
Lithuania* Cyprus* Singapore
India* Viet Nam El Salvador Thailand* Malaysia* Czech Republic* Slovakia
Kenya Zambia Fiji Tonga Mauritius* Denmark* Slovenia*
Liberia Zimbabwe Georgia* Tunisia* Mexico* Estonia* Spain*
Madagascar* Yemen Guatemala Turkmenistan Oman Faeroe Islands Sweden*
Malawi Guyana Ukraine* Panama* Finland* Switzerland*
Mali Honduras Vanuatu Poland* France* Trinidad and
Tobago*
Mauritania Indonesia Romania* French Polynesia United Arab
Emirates
Mongolia* Iran, Islamic
Republic of
Russian
Federation
Germany* United
Kingdom*
Mozambique Jamaica Seychelles Greece* United States*
a The income groups are deﬁned on the basis of GNI per capita in 2006 using World Bank data.
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